High concentrations of manufactured carbon nanoparticles (CNP) are known to cause oxidative stress, inflammatory responses and granuloma formation in respiratory epithelia. To examine the effects of lower, more physiologically relevant concentrations, the human airway epithelial cell line, Calu-3, was used to evaluate potential alterations in transepithelial permeability and cellular function of airway epithelia after exposure to environmentally realistic concentrations of carbon nanoparticles. Three common carbon nanoparticles, fullerenes, single-and multi-wall carbon nanotubes (SWCNT, MWCNT) were used in these experiments. Electrophysiological measurements were performed to assay transepithelial electrical resistance (TEER) and epinephrine-stimulated chloride (Cl -) ion secretion of epithelial cell monolayers that had been exposed to nanoparticles for three different times (1 h, 24 h and 48 h) and over a 7 log unit range of concentrations.
Introduction
Nanotechnology, the creation and manipulation of structures and systems at a nanoscale level (<100 nm), produces materials with significantly altered fundamental properties. These properties include unique surface area/ volume ratios, refractive indices, hydrophobicity, biological 198 and chemical reactivity. Such novel properties have been put to various uses by industries such as electronic, pharmaceutical, biomedical, automotive, engineering, agricultural, cosmetic and aerospace. Consequently, literally tons of nanoparticles are being produced in industrialized nations. With nanotechnology being a focused area of scientific and industrial growth in the last few decades, concerns have arisen regarding the potential biological effects of nanoscale materials. These effects remain poorly understood, especially with regard to occupational and environmental hazards [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Populations exposed to increasing levels of nanomaterials include not only workers exposed during the production, recycling and disposal, but also to the general population that uses commercially available nanomaterial-containing products and also has contact via environmental contamination.
The unique physico-chemical properties of these nanoscale products cause them to interact with cellular systems in an unknown and undefined manner. Potential injurious cellular effects of these particles have been reviewed by various authors [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Demonstrated effects include oxidative stress, inflammatory cytokine production, fibrosis, DNA mutation, membrane damage, granuloma formation and even cell death [8] [9] [10] . Although the nanotechnology industry holds great promise in the future, its darker side has to be explored to obtain the maximum benefits from this industry in a safe manner.
Carbon based nanoparticles are one group of widely produced nanomaterials. These include fullerenes and nanotubes (single-wall carbon nanotubes (SWCNT) and multi-wall carbon nanotubes (MWCNT)). Fullerenes, or Buckyballs, are quite stable structures composed of 60 carbon atoms with an average diameter of 0.72 nm. Carbon nanotubes (CNTs) are graphite sheets rolled to form seamless tubes or cylinders. Whereas SWCNT consist of a single layer with diameters of a few nm, MWCNT are larger and consist of many single-walled tubes stacked one inside the other with total diameters reaching up to 100 nm. CNTs are found in various lengths in the μm range. Because of their nano sizes, fibrous shapes and carbon base, CNTs are expected to behave differently than the large sized particles. They are potentially toxic like other small fibers (asbestos and silica) and biopersistent because of their stability [11] .
One primary route of CNP uptake in the body is through inspiration of airborne nanoparticles where they can cause airway and lung disease [12] [13] [14] [15] . In addition, following inhalation, ultrafine carbon particles can enter the circulatory system and thereby have access to multiple organs including the brain [16, 17] . MWCNTs have been shown to reach the subpleural tissue in mice with a single inhalation dose of 30 mg/m 3 for 6 h [18] . In the circulatory system per se, SWCNTs can have prothrombotic effects in vivo and demonstrate platelet activation in vitro [19] . A stable C 60 suspension has been shown to produce genotoxicity as a result of DNA damage in human lymphocytes [10] .
One of the respiratory cell lines commonly used for tracheobronchial epithelial cell studies is Calu-3. Although it is adenocarcinoma in origin, it is one of the few cell lines that form tight junctions in vitro and demonstrates the characteristics of differentiated, functional human airway epithelia [20, 21] . The current studies utilize this well-characterized model to study the effects of unpurified, as manufactured, nanoparticles that are most likely to be found as environmental and occupational pollutants.
Materials and Methods

Materials
Dulbecco's minimal essential media (DMEM/F-12), Glutamax, penicillin, streptomycin, sodium pyruvate (100 X), non-essential amino-acids (100 X) were purchased from Invitrogen (Carlsbad, CA). Fetal bovine serum (FBS) was from Gemini Bioproducts, (West Sacramento, CA). Cell culture flasks and transwell cell culture plates (24 mm inserts, polycarbonate, 0.4 μm pore size) were obtained from Costar-Corning (Acton, MA). Other cell culture reagents including 10 X trypsin-EDTA solution (0.5 %) and Hanks balanced salt solution (HBSS) were obtained from Mediatech, Inc, (Herndon, VA.). CNPs were purchased from SES Research (Houston, TX) and used with no further purification.
Cell Culture
The Calu-3 (ATCC no. HTB-55) cell line was purchased from American Type Culture Collection (Manassas, VA) at passage 19. Cells were grown in humidified atmosphere of 5 % CO 2 -95 % air at 37°C. The culture media were comprised of DMEM/F-12 (1:1), 15 % FBS, 2.40 mg/L NaHCO 3 , 100 U/L penicillin, 100 mg/L streptomycin, 0.5 mM non-essential amino acids, 0.5 mM sodium pyruvate and 1 mM Glutamax.
The medium was replaced thrice weekly and cells were passaged weekly at a split ratio of 1:4. For electrophysiology, the cells were seeded directly on the permeable filters of the transwell cell culture plates with media on the apical and basolateral sides. Two days after inoculation, the media were removed from the apical side and replaced only on the basolateral side. This cell culture technique, called air interface culture (AIC), mimics the in vivo situation. The Calu-3 cells secrete a sufficient amount of fluid and mucus to remain hydrated. Cell monolayers were used on 14th day after being seeded on the transwells, the time at which the cells show a high resistance phenotype.
CNP Preparation
As reported by the manufacturer, fullerenes (C60) (#600-9980) are 99.95+ %, ultra-pure and vacuum oven-dried; SWCNT (#900-1301) (long) were purified single-wall nanotubes with an outer diameter <2 nm, lengths ranging from 5-15 µm, purity >90 % CNT (>50 % SWCNT), ash <2 % wt and amorphous carbon <5 % wt. MWCNT (# 900-1203) are purified multiwall nanotubes with an outer diameter of 40-60 nm, length ranging from 5-15 µm, >95 % nanotubes vs amorphous carbon (<2 %), and ash content <0.2 %.
Fullerenes, SWCNT, and MWCNT were prepared in FBS at a concentration of 5 mg/mL. Serum acts as a surfactant to disperse hydrophobic nanoparticles via destabilization of the aggregates by serum proteins [22] . At low nanomaterial concentrations, the presence of proteins has been reported to generate small agglomerates of particles with minimal size variations and improved the stability of the dispersions [23] . Samples were sonicated using a Branson Sonifier 450 at a duty cycle of 30 % and an output control of 3 for 20 seconds. Before sonication of each sample, the probe was cleaned with ethanol and coated for 10 seconds with serum. After sonication, the samples were autoclaved and diluted to a final concentration of nanoparticles in the cell culture media. Control FBS without nanoparticles was treated in an identical manner. Additional CNP-free FBS was added to a final concentration of 15 % FBS in culture media. Since Calu-3 cells require 15 % of FBS in the culture media, only 2 % of the total FBS was autoclaved with CNPs. The nanoparticles were added to the apical side of the cells after they developed a high resistance phenotype. Only 200 μl of CNP containing media was added to the apical side (5 cm 2 ) to maintain the AIC for the cells. To examine the effect of short-term versus long term exposure, cells were treated with CNPs for 1, 24 or 48 hours. For the 1 and 24 hour time points, the CNPs were added only to the apical bathing medium to simulate a more acute exposure. For the 48 hour exposure, the CNPs were added to both the apical and basolateral bathing media.
The nanoparticle concentrations are shown as g/cm 2 to more accurately reflect the actual exposures. However all volumes were maintained in constant proportions so that the surface exposure can be converted into concentration per volume of media using the following formula: N g/cm 2 = 25N g/mL
Analysis of Particle Size and Zeta Potential of Nanoparticles in the Media
Cell culture media containing SWCNTs and MWCNTs were analyzed using a Nano Zetasizer ZS90 (Malvern Instruments, Worcestershire, UK). In this technique, particle size is the diameter of the sphere that diffuses at the same speed as the particle being measured. The Zetasizer system uses dynamic light scattering (DLS) to measure the Brownian motion of the particles in a sample.
Since smaller particles move rapidly in a liquid than larger particles, the position of two images of the sample separated by a short interval of time is used to determine the displacement of the particle and therefore its relative size. A minimal displacement with similar particle positions indicates that the particles in the sample are large whereas larger displacements with different particle positions indicate that the particles in the sample are small. Using this principle and the relationship between diffusion speed and size, the relative sizes can be determined. To mimic the normal cellular incubation conditions, the nanoparticle-containing media were prepared in the usual manner, incubated at 37°C and measured after 1, 24, 48 hours.
Zeta potential is a voltage that exists between the particle surface and the liquid in which it is dispersed and varies according to the distance from the particle surface. Zeta potential is measured using a combination of the measurement techniques: electrophoresis and laser doppler velocimetry, sometimes called laser doppler electrophoresis. This method measures how fast a particle moves in a liquid when an electrical field is applied -i.e. its velocity. Once the velocity of the particle is determined and the electrical field applied, one can, by using two other known constants of the sample -viscosity and dielectric constant, determine the zeta potential.
Electrophysiology
Electrophysiological techniques were used to measure transepithelial electric resistance (TEER) as well as to monitor changes in ion flux across the cellular monolayers in response to hormonal stimulation. Cells were grown to confluency on the transwell filters and exposed to CNPs for the times indicated in the figures. At the end of the incubation period, the filters were cut from the plastic inserts, mounted in a Ussing chamber that separates the apical (luminal) surface from basolateral (serosal). The Ussing chamber was connected to a DVC-1000 Voltage/Current Clamp (World Precision Instruments) with voltage and current electrodes on either side of the membrane. The spontaneous transepithelial potential difference was clamped to zero, and the resultant short-circuit current (SCC) was monitored continuously. SCC is a measure of net transepithelial ion flux. Typically, an increase in SCC is either due to cation absorption (apical to serosal transport) or anion secretion (serosal to apical transport). The cells were bathed in serum-free medium maintained at 37°C via water-jacketed buffer chambers on either side of the filter. Medium was circulated and kept at constant pH using a 5 % CO 2 / 95 % O 2 gas lift. A voltage pulse of 2 mV was applied every 200 s and the resulting current displacement was used to determine TEER by using Ohm's law. After the basal current stabilized (time=0), epinephrine (10 -6 M) was added to the serosal bathing medium. Addition of NPPB, (100 µM) to the apical bathing medium was used to inhibit the Cl -secretion.
cAMP Assay
The Calu-3 cells were treated with media containing FBSCNPs for 48 h, followed by stimulation with or without epinephrine (10 -6 M) for 10 seconds. The cells were washed twice with HBSS at 37°C and incubated for 10 minutes with 1 % triton-X-100 in 0.1 M HCl at 37°C. Permeabilized cells were scraped from the underlying supports and lysates were centrifuged for 1 min at 14,000 x g to remove cellular debris. The cAMP assay was performed using Assay Designs Direct cyclic AMP EIA kit. (Ann Arbor, MI) following the manufacturer's instructions. Because nanotubes have the ability to adsorb a
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Cytokine Assay
Human inflammation ELISA strip for profiling cytokines (Signosis, Sunnyvale CA) was used to determine the relative amounts of eight cytokines: TNF-α (Tumor necrosis factoralpha), IFNr (interferon regulator), G-CSF (granulocyte-colony stimulating factor), GM-CSF (granulocyte macrophage-colony stimulating factor), IL-1a (interleukin-1a), IL-8 (interleukin-8), IP-10 (interferon inducible protein 10), and RANTES (regulated on activation, normal T expressed and secreted) in the apical and basolateral media from Calu-3 cell cultures. The assay was done in triplicate according to the given protocol. Due to their large surface area, nanoparticles have the ability to adsorb a wide variety of small organic solutes, indicator dyes or their reduction products [24, 25] . Since this is a colorimetric assay, therefore, we carried out controls for this assay with addition of nanoparticles at the time of the assay.
Statistical Analyses
Line and bar graphs have been generated using SigmaPlot 8.0 software. The points in the line graphs and bars in the bar graphs represent means ±SEM. Students t-test was used to determine statistical differences (p < 0.05). 
Results
The nanomaterials used in these studies were partially characterized previously. Elemental analysis by energy dispersion X-ray spectroscopy of the three types of particles indicate that the fullerenes are virtually free of contaminating metals while the carbon nanotubes have low but measureable levels of iron (0.4 %), nickel (0.3-1 %) and/or cobalt (0.2-4.3 %) which are likely contaminants from the manufacturing process [26] . Scanning electron microscopy of SWCNT and MWCNT indicated that these materials are relatively free of amorphous carbon [26] . 1-6. Controls were prepared in culture media with the same serum as the nanoparticle solutions therefore the predominate measured particles in the control are due to serum proteins.
Measurements of particle sizes in culture media containing MWCNTs and SWCNTS are shown in Figs. 1-3 and Figs. 4-6, respectively. For each kind of CNT, measurements were performed at 1h, 24h, and 48h after incubation. In all 6 figures, the culture media presents a broad distribution of sizes between 100 and 1000 nm (0.1 
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Cell Physiol Biochem 2012; 29:197-212 to 1 micron) with a peak around 400 nm, except for the control measurement in Figs. 2, 3 at 24h and 48h for which the culture media presents a shoulder at 100 nm. When CNT particles are added to the media, modifications in the size distribution are observed. In the case of MWCNTs (Figs.1-3) , a general shift toward smaller sizes is observed above 0.4 ng/cm 2 concentrations. As CNT concentration increases, a secondary peak in the distribution arises corresponding to particles around and below 100 nm. At the highest concentration measured (4 µg/cm 2 ) a narrow distribution is seen between 100 and 300 nm which becomes broader with time. (Some variations with time are also seen for smaller concentrations.) These results show that CNT nanoparticles interact with molecules in the culture media to form new aggregates. Note that any particles or aggregates that are either smaller than 10 nm or larger than 10 microns go undetected by the instrument.
Changes in size distribution also occur with addition of SWCNT (Figs. 4-6 ) although the trends appear more For both MWCNT and SWCNT data sets, the measured size distributions at low CNT concentrations are similar to the control. This can be due to the fact that at such low concentrations, the CNTs are below the detection limit of the instrument. In addition, some anomalies in the data are likely caused by sedimentation of CNTs during the measurements.
Zeta potential measurements for CNTs in culture media are summarized in Table 1 . Compared to the zeta potential of control of -4.7 mV, molecular aggregates in the presence of CNTs are generally more negative reaching -10 mV in some samples. The average zeta potentials ± SEM (n=7) for suspensions of fullerenes, SWCNT and MWCNT in culture media are -8.0 ± 0.6, -7.6 ± 0.7 and -6.1 ± 0.6 mV, respectively. Note that the measured zeta potentials are averages over all molecular aggregates present in the sample which include proteins in the media, CNT aggregates and possible protein-CNT complexes.
Numerous studies have shown that air interface cultures (AIC) simulate in vivo conditions more efficiently than the more commonly used liquid covered cultures (LCC) [27] [28] [29] . For the Calu-3 cell line, AIC show higher TEER and basal SCC than LCC. In the present study, AIC demonstrated a maximum TEER of 881 Ω.cm For the 1 and 24 time points, the CNPs were added only to the apical bathing media to simulate a more acute exposure. For the 48 hour exposure, the CNPs were added to both the apical and basolateral bathing media. Electrophysiological studies were used to determine the effect of CNPs on TEER, a measure of barrier integrity, and SCC, a measure of hormone responsiveness.
Alterations in TEER after exposure to carbon nanoparticles are shown in Figure 7 . All three CNPs were After placement in the Ussing chambers, the cultures exhibit a stable basal current within 30 minutes. The basal Fig. 9 . Epinephrine-stimulated ion transport in the Calu-3 cell line after 48 h nanoparticle incubation. The graphs depict the measurement of SCC, in the control and nanoparticle exposed cells (fullerene, SWCNT and MWCNT respectively from top to bottom). The top figures illustrate the SCC plot of the highest and lowest exposure concentrations of fullerenes for 48 h. The middle and bottom graphs illustrate the responses of the highest and lowest nanotube concentrations that had a significant effect on epinephrine stimulated ion transport. When a stable baseline was achieved, epinephrine (10 -6 M) was added to the cultures (time t=0). NPPB (100 µM) was added 20 minutes after the epinephrine. The points on the graphs are means + SEM of the number of experiments conducted. * indicates that the value was statistically different from the control value (P<0.05) using Students' t-test. Fig. 10 . Epinephrine-stimulated ion transport in the Calu-3 cell line after 24 hour incubation with nanoparticles. The graphs depict the continuous measurement of SCC, in the control and nanoparticle exposed cells (fullerene, SWCNT and MWCNT respectively from top to bottom). The top figures illustrate the SCC plot of the highest and lowest exposure concentrations of fullerenes for 24 h. The middle and bottom graphs illustrate the responses of the highest and lowest nanotube concentrations that had a significant effect on epinephrine stimulated ion transport. When a stable baseline was achieved, epinephrine (10 -6 M) was added to the cultures (time t=0). NPPB (100 µM) was added 20 minutes after the epinephrine. The points on the graphs are means ± SEM of the number of experiments conducted. * indicates that the value was statistically different from the control value (P<0.05) using Students' t-test.
Cell Physiol Biochem 2012;29:197-212 M) was added to the cultures (time t=0). NPPB (100 µM) was added 20 minutes after the epinephrine. The points on the graphs are means ± SEM of the number of experiments conducted. None of the treated samples were significantly different than the control using Students' t-test. SCC is due to Cl -flux in a secretory direction (data not shown). To determine whether the nanoparticles induce changes in cellular function, the response to epinephrine stimulation was studied. Epinephrine is an endogenous hormone that binds α-and β-adrenergic receptors and increases cAMP levels in Calu-3 cells [30] . The stimulation results in an average eight fold increase over the basal ion transport. This cell line has also been shown to exhibit an increase in basal ion transport within 1-2 minutes after exposure to mediators like isoproterenol, forskolin, bradykinin, methacholine, trypsin, histamine [20] . This sudden increase is followed by marked progressively dampening oscillations over time (Fig. 8) . We (unpublished data) and others have shown that epinephrine stimulates transepithelial Cl -transport in a secretory direction (serosal to mucosal) [20, 28, 30] . The first peak represents the most robust response to epinephrine in these cells. For simplicity, only the magnitude of this initial Cl -secretory response was measured to determine effects of nanoparticles.
The response to epinephrine stimulation after 48, 24 or 1 hour of nanoparticle exposure are shown in Fig. 9-11 (Fig. 11) .
The initial increase in Cl -secretion is predominately mediated by an increase in intracellular cAMP resulting in activation of PKA and consequently phosphorylation and activation of CFTR. Neither the basal nor the epinephrine stimulated level of cAMP was altered by nanoparticle exposure (Fig. 12-13 ). These results suggest that the ion transport element affected by the nanoparticles lies beyond the basolateral membrane epinephrine receptor and intracellular cAMP production.
Discussion
In this study, we have used unpurified, "as manufactured" CNPs to determine potential effects on airway serous epithelial cells. Since these materials form the basis of generation of other types of nanoparticles, their manufacturing process is one of the leading sources of occupational and environmental pollution.
CNPs, particularly nanotubes, are highly hydrophobic and they tend to aggregate into larger complexes [31] [32] [33] . Ultrasonic dispersion in a protein-containing solution is the preferred method of increasing solubility and decreasing particle size. However, even this method does not fully solubilize the CNPs. Higher concentrations (µg/ cm 2 ) of CNTs will tend to aggregate into larger agglomerates even in the presence of protein.
In our previous publication [26] , several methods were used to determine the relative particle sizes of the same CNPs in the media. Results of AFM analysis and dielectric spectroscopy suggested agglomeration at higher concentrations and increased solubilization of CNPs at lower concentrations. The current size measurement provides a relative quantification of particles and agglomerates between 10 nm and 10 µm. This method will not measure agglomerates that are visible to the naked eye such as those detected at our highest concentration of 4 µg/cm 2 . It should be noted that formation of aggregates with sizes above 10 µm will deplete the available CNTs for measurement within the 10 nm to 10 µm range. This explains why the particles variations in the measured range do not show huge variations in amounts despite a 7 order of magnitude difference in concentration. Due to the agglomeration of nanoparticles at higher concentrations and better dispersion at lower concentrations, these particles may exhibit different effects at different levels of exposure. Micro-effects would be due to exposure to agglomerated particles and nano-effects due to exposure to individual particles or small bundles.
Further characterization is provided by the zeta potential measurements of the CNPs in culture media. These measurements were performed across the entire dose range of CNPs. For all samples, the measured zeta potential was negative indicating that the mobile aggregates in the CNP-serum protein solutions have net negative surface charge. Negative value of the zeta potential suggests that these particles should repel each other electrostatically and agglomeration should be prevented. However, the measured zeta potentials are signficantly smaller than the thermal energy per unit of charge which corresponds to 25 mV at room temperature [34] . Therefore thermal energy alone can overcome the electrostatic barrier. In addition, attractive Van der Waals forces between CNTs and between CNTs and proteins can further contribute to overcoming the repulsive electrostatic forces between these particles. This causes the nanotubes to agglomerate, particularly at higher concentrations where the number of particles per mL of the media is much greater.
We have recently reported that nanoparticles (fullerenes, SWCNT and MWCNT) alter the TEER of a renal cell line model of the principal cells of the distal nephron [26] . In the renal cells, higher concentrations of nanoparticles (40 These results are, in principle, in agreement with previous TEER measurements of Rotoli et al. [35] who demonstrated a significant decrease in TEER of Calu-3 monolayers exposed to 100 µg/ml of MWCNTs or SWCNTs. The decrease in TEER was also accompanied by an increase in permeability shown by mannitol permeability experiments with no significant alteration in monolayer viability. Our results confirm this work and extend the findings into more physiologically relevant concentrations. For comparison, the highest concentration used in our studies (4 µg/cm 2 ) is 100 µg/mL. While both SWCNT and MWCNT impair the barrier function of Calu-3 monolayers, the change in TEER is not consistent with an altered viability of the cells. The observed changes in resistances indicate subtle changes associated with membrane, cytoskeleton or junctional complexes. Loss of viability in the cellular monolayer would cause a decrease in TEER to unmeasureably low levels. This is also corroborated by cytokine release studies. The absence of cytokine release indicates lack of inflammation or irritation in these cells.
Calu-3 cells express multiple Cl -channels one of which is CFTR, a channel activated via the adenylyl cyclase/cAMP/PKA pathway [20, 36] . The initial peak in response to epinephrine is cAMP-PKA mediated Cl The absence of a nanoparticle induced change in cAMP levels after epinephrine stimulation at all the concentrations suggests that at least the initial intracellular signaling pathway is intact. Additional experimentation will be necessary to elucidate the exact site of the CNT effect on both TEER and hormone-stimulated Cl -transport.
Workplace exposures to nanotubes are difficult to assess. Using currently available methods, different groups have applied different approaches in assessing the workplace levels of nanoparticles [37] [38] [39] [40] . For example, Maynard et al. [40] estimated the air borne concentration of nanotubes material generated during handling and suggested that the concentrations were lower than 53 µg/m 3 . Therefore, effects of these nanoparticles in the pg/cm 2 range suggest that workplace levels, particularly during chronic exposures, are likely to have physiological effects that can cause or exacerbate respiratory problems.
Given the potential physiological effects on mucocilliary clearance, it is of interest to correlate the exposure levels of the cultured cells with the aerosolized levels that are likely to occur in the workplace. As a first approximation toward this goal, we have calculated the approximate level of cell exposure to the CNTs. Due to the consistency of effects on both TEER and epinephrinestimulated Cl -transport over huge concentration ranges, it is likely these are nanoeffects rather than microeffects. Assuming that the lower concentrations most accurately model the nanoeffects, we have calculated the exposure/ cell if all particles existed as individual nanotubes. The nanotubes used in these experiments have a variable molecular weight because they vary in length from 5-15 µm. Therefore the calculations were performed using molecular weights of the nanoparticles representing both the high and low values. cultures treated with SWCNT are 0.5-1.4 particles per cell and for the MWCNT was 0.023-0.008 nanoparticles per cell. The latter value can be converted into 1 particle for every 43-132 cells.
Published studies have, for the most part, concentrated on toxic effects of CNTs. However, the current studies suggest that any exposure that allows CNTs to enter the airways may have detrimental effects on normal physiological function, particularly in those individuals with existing respiratory complications such as allergies or asthma.
